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SDO/HMI Ouick—Look Continuum: 20181128_120000
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Summary: 1 Mg Evolutionary Track

~9 billion yrs ~1 billion yrs

Time spent as  Main sequence —>| Red gian!

Sun's age 4.5 billion yrs (now)

12.2 billion yrs

~100 million yrs ~10,000 yrs

—> Yellow giant —>{Planetary nebula

12.3 billion yrs ~ 12.3305 billion yrs

-—>|While dwarf |

12.3306 billion yrs
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Henize 1357 « Stingray Nebula HST « WFPC2
PRC98-15 « ST Scl OPO « April 2, 1998
M. Bobrowsky (Orbital Sciences Corp.) and NASA




Planetary Nebula M2-9 HST « WFPC2
PRC97-38a « ST Scl OPO « December 17, 1997
B. Balick (University of Washington) and NASA



Planetary Nebula NGC 6751

Hieage

PRC00-12 « Space Telescope Science Institute - NASA and The Hubble Heritage Team (STScl/AURA)
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Hourglass Nebula - MyCn18 HST - WFPC2

PRC96-07 - ST Scl OPO - January 16, 1996
R. Sahai and J. Trauger (JPL), the WFPC2 Science Team and NASA










Surface of Sun

Sirius B
(white dwarf)




Biate karty

» Bardzo mate (R ~ 6000 km)

» Bardzo gorace (T ~10000 - 200000 K)
« Bardzo geste (<p> ~ 10° kg/m?3)

* Bez wewnetrznych zrodet energii !

* M\yp ~ 0.6 M_

» Sktad He lub C,0O

‘M. ..~ 1.4 M,



Stellar Evolution .s-s8mg)

Nebula seq“ehce

P

White Dwarf
Sequence




l;uminosity (thousands of solar luminosities)
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Table 1.2: Properties of 3 Main Seq. Stars

Table 1.2
Properties of 3 Main Sequence Stars

Property M8V G2 V (sun) OS5V
Mass! My/10 20x10%30%kg 40 M,
Radius! Ro/8 7.0x 108 m 18 Ry
Luminosity! L,1300 3.8x 1026 W 5x105Lg
Lifetime on main sequence? 1013 y 1010y 108y
Effective temperature T (K) 2700K 5770K 40000 K
Absolute visual magnitude, My +16 +4.83 -5.8
Absolute bolometric mag., Mpo;? ~+12 +4.75 ~-10
Apparent visual magnitude, my - -26.74 -
Color: frequency of peak power IR Yellow UV
Color Index, B-V =mpg - my +1.8 +0.65 -0.35
Color Index, U-B - +0.13 -1.15

1 The symbols MQ,R@, and Ly are the solar values.
2 Tire during the stable hydrogen-buming phase of the star's life.
3 The luminosity of a Mpo} = 0 star is 3.0 x 1028 w.



TABLE 16—3 Stages of Thermonuclear Energy Generation in Stars

Approximate
Approximate Minimum
Major Temperature Mass (solar
Process Fuel Products (K) masses)
Hydrogen Hydrogen Helium 1-3 x 107 0.1
burning
Helium Helium Carbon, 2 %:30° 1
burning Oxygen
Carbon Carbon Oxygen, - 8x108 1.4
burning Neon,
Sodium,
Magnesium
Neon Neon Oxygen, 1.5 x 107 5
burning Magnesium
Oxygen Oxygen Magnesium 2 x 10° 10
burning to sulfur
Silicon Magnesium Elements 3 x 10° 20

burning to sulfur near iron




CENTRAL DENSITY (GRAMS PER CUBIC CENTIMETER)

10 SILICON BURNING__
1 DAY —
107 = OXYGEN BURNING
6 MONTHS
“~~NEON BURNING
10® ' —1YEAR
/__CARBON BURNING
a2 600 YEARS |
- ////
10° .
~_HELIUM BURNING
500,000 YEARS .
102 /
10 ] __HYDROGEN BURNING
— 7 MILLION YEARS
g Lo | :
0 100 200 300 400

'CENTRAL TEMPERATURE (MILLIONS OF DEGREES KELVIN)

M, ~25 Mg



H Burning
Shell

He Burning
Shell

Core Radius: ~1 R+,

C Burning
Shell

Ne Burning
Shell

O Burning
Shell

Si Burning
Shell Envelope Radius: ~ 5 AU
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. ’ Credit: NASA, ESA




Size and Structure

+ Very dependent on Equation-of-State (EOS)!

« Current research suggests:

Atmosphere
Superhot plasma

Outer crust Starquakes
Crystal lattice: 200 m deep
nuclei + electrons

\ - Inner crust Starquakes
Crystal lattice: 1 km deep
nuclei + electrons + neutron drip

~— 20 km (12 mi) diameter

~ Quter core 11-14 53
Atomic particle fluid 10 g cm

Inher core
Solid block of subatomic particles?









MPITE - B onn Pulsar Group
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LOW TO RVERFRGE

MASS STAR .

LRARGE '; -‘ :
MRSS STAR “&- }Q &

VERY LARRGE
MARSS STARR

The fate of a star depends on its mass (size not to scale)

WHITE
DWRRF

NEUTRON
STRR

BLACIK
HOLE




Czarne dziury

* Masa > 3 M

» £ adunek elektryczny ~ 0O

» Okres rotacji < 0.001 s (?)

* Nie emitujg promieniowania !
 Silne pole grawitacyjne

Jak je znalezC ?



T~10°K
Promienie X
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107cm  diugosé fali 1910,

10'"Hz czestatiwosé  10%° 23

Fale elektromagnetyczne dochzqce z Kosmosu. Kolorem btekitnym zaznaczono
obszary atmosfery, gdzie promieniowanie jest zatrzymywane na réznych wysokosciach
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Gravitational waves







Theories of Gravity: Gravitational Waves
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First detection!

9:50:45 UTC, 14 September 2015

|

il

LIGO Hanford signal

AT

LIGO Livingston signal %




M, =36M,, M, =29M_, M, = 62M_, AM = 3M_




Crashing neutron stars can make gamma-ray burst jets

Magnetic fields

Neutron stars

Masses: 1.5 suns

Diameters: 17 miles (27 km)
Separation: 11 miles (18 km)

Simulation begins 7.4 milliseconds 13.8 milliseconds

Jet-like
~ magnetic field
\_.emerges -

Black hole forms S s
Mass: 2.9 suns 3 Paher.
Horizon diameter: 5.6 miles (9 km)

15.3 milliseconds 21.2 milliseconds 26.5 milliseconds

Credit: NASAJAEI/ZIB/M. Koppitz and L. Rezzolla



SWIFT NEUTRON STAR
COLLISION V. 2

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK



Event rate (counts/s)  Event rate (counts/s)

Event rate (counts/s)

Frequency (Hz)

2500 1
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Lightcurve from Fermi/GBM (10 — 50 keV)

1750 4 Lightcurve from Fermi/GBM (50 — 300 keV)
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1250 1

Lightcurve from INTEGRAL/SPI-ACS
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Exploding White Dwarfs Cosmic Ray Fission

Exploding Massive Stars

Merging Neutron Stars
Dying Low Mass Stars
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Orbits of some bodies of the Solar System
($edna, Eris, Plyto and Neptune)
_05 at the same scalp for comparison
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MBH =~ (1 —2) 108 M@




Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planctary Camera

Ground Based Optical/Rado mage HST mage of a Gas and Dust D




HueBLE OPTICAL CHANDRA X-RAY
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Podstawowe skladniki Wszechswiata




N\ — stata kosmologiczna

AN>0

0.05 0.10 0.15

0.20



Promieniowanie Hawkinga

virtual horizon
pair _\l'

</

\

Hawking
‘l'_ particle

Black Hole /)
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Cykliczny
Wszechswiat
Penrose'a
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